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Sodium butyrate, an erythroid differentiation inducer and a his tone 
deacetylase inhibitor, increases G alpha (i2) levels in 
differentiating K562 cells. Here we show that sodium butyrate induces G 
alpha (i2) gene transcription via sequences at -50/-36 and -92/-85 in the G 
alpha (i2) gene promoter. Both sequences contain core sequence motif for Spl 
binding; electrophoretic mobility shift as well as supershift assays 
confirmed binding to Spl. Transcription from the G alpha (i2) gene promoter 
was also activated by two other histoxie deacetylase inhibitors, 
trichostatin A and Helminthsporium carbonium toxin (HC toxin) , which also 
induce erythroblastic differentiation in K562 cells. However, hydroxyurea, 
a potent erythroid differentiation inducer in these cells, did not activate 
transcription from this gene promoter, indicating that promoter activation 
is inducer-specif ic . Mutations within the Spl sites at -50/-36 and -92/-85 
in the G alpha (i2) gene promoter substantially decreased transcriptional 
activation by sodium butyrate, trichostatin A, or HC toxin. Transfection 
with constitutively activated ERKs indicated that this promoter can be 
activated through the MEK-ERK signal transduction pathway. Inhibition of 
the MEK-ERK pathway with U0126 or reduction in the expression of endogenous 
ERK with an antisense oligonucleotide to ERK significantly inhibited 
sodium butyrate- and HC toxin- induced transcription but had no effect on 
trichostatin A- induced transcription. Inhibition of the JNK and p3 8 MAPKs, 
using selective inhibitors, had no effect on sodium butyrate -induced 
transcription. In cells in which sodium butyrate induction of promoter 
activation had been inhibited by various concentrations of U0126, 
constitutively activated ERK2 reversed this inhibition. These results show 
that the MEK-ERK signal transduction pathway is important in butyrate 
signaling, which eventually converges in the cell nucleus. 
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The impact of dysregulation of the cyclin-dependent kinase inhibitor 
p21WAFl/CIPl/MDA6 has been examined in U937 human monocytic leukemia cells 
in relation to cell cycle arrest and differentiation following treatment 
with the histone deacetylase inhibitor sodium butyrate (SB) . 
Cells stably transfected with a p21WAFl/CIPl/MDA6 antisense 
construct, in marked contrast to their wild- type counterparts, failed to 
up-regulate p21WAFl/CIPl/MDA6 , undergo Gl arrest, or express the maturation 
marker CDllb when exposed to 1 or 3 mM SB. However, antisense 
-expressing cells were significantly more susceptible to SB-mediated 



mitochondrial injury and apoptosis, manifested by increased cytosolic 
translocation of cytochrome c, activation of pro-caspase 3, and degradation 
of PARP. Dysregulation of p21WAFl/CIPl/MDA6 did not modify the extent of 
SB- induced histone acetylation, but did result in cleavage of 
p27KIPl, Bel -2 and pRb, as well as diminished levels of full-length 
underphosphorylated pRb. Finally, dysregulation of p21WAFl/CIPl/MDA6 did 
not modify SB-mediated down- regulation of E2F-1 or c-Myc, but was 
associated with enhanced down -regulation of cyclins Dl and E. Together, 
these findings indicate that in U937 leukemia cells, p21WAFl/CIPl/MDA6 
plays a critical functional role in SB-mediated Gl arrest and maturation, 
and suggest that cells displaying dysregulation of this CDKI respond to SB 
by engaging a default apoptotic program. 
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The translocation t(ll;16) (q23;pl3) has only been documented in patients 
with acute leukemia or myelodysplasia secondary to therapy with drugs 
targeting DNA topoisomerase II. We have established a myeloid cell line 
(SN-1) with the MLL-CBP fusion gene from an acute leukemia patient with 
t(ll;16) (q23,*pl3). Although SN-1 cells were not induced to differentiate by 
all-trans retinoic acid (ATRA) and lalpha, 25-dihydroxyvitamin D(3) (VD3) , 
retinoid X receptor (RXR) agonists, such as 9-cis retinoic acid and 
Ro4 8-2250, effectively induced differentiation of the cells. Downregulation 
of the expression of the MLL-CBP fusion gene occurred during the 
differentiation of SN-1 cells. When SN-1 cells were treated with MLL-CBP 
antisense oligonucleotide, the cells were induced to differentiate by 
ATRA or VD3, suggesting that the MLL-CBP fusion gene dominant -negatively 
suppresses ATRA- or VD3 -induced differentiation. Moreover, suboptimal 
concentrations of sodium butyrate, a histone deacetylase 
inhibitor, had a cooperative effect with ATRA or VD3 in inducing the 
differentiation of SN-1 cells. The downregulation of the expression of 
MLL-CBP mRNA was accompanied by the induction of differentiation. These 
findings suggest that RXR agonists or a clinically applicable combination 
of ATRA and butyrate derivatives might be useful for differentiation 
therapy in leukemia patients with the MLL-CBP fusion gene. 
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Histone acetylation and deacetylation play essential roles in 
eukaryotic gene regulation. Reversible modifications of core histones are 
catalyzed by two intrinsic enzymes, histone acetyltransf erase and 
histone deacetylase (HD) . In general, histone 

deacetylation is related to transcriptional gene silencing; whereas 
acetylation correlates with gene activation. We produced transgenic plants 
expressing the antisense Arabidopsis HD (AtHDl) gene. AtHDl is a 
homolog of human HD1 and RPD3 global transcriptional regulator in yeast. 
Expression of the antisense AtHDl caused dramatic reduction in 
endogenous AtHDl transcription, resulting in accumulation of acetylated 
histones, notably tetraacetylated H4 . Reduction in AtHDl expression and 
AtHDl production and changes in acetylation profiles were associated with 
various developmental abnormalities, including early senescence, ectopic 
expression of silenced genes , suppression of apical dominance , homeotic 
changes, heterochronic shift toward juvenility, flower defects, and male 
and female sterility. Some of the phenotypes could be attributed to ectopic 
expression of tissue-specific genes (e.g., SUPERMAN) in vegetative tissues. 
No changes in genomic DNA methylation were detected in the transgenic 
plants. These results suggest that AtHDl is a global regulator, which 
controls gene expression during development through DNA- sequence 
independent or epigenetic mechanisms in plants. In addition to DNA 
methylation, histone modifications may be involved in a general 
regulatory mechanism responsible for plant plasticity and variation in 
nature . 
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We utilized Yl adrenocortical carcinoma cell line as a model system to 
dissect the events regulating epigenomic gene silencing in tumor cells. We 
show here that the chromatin structure of c21 gene is inactive in Yl cells 
and that it could be reconfigured to an active form by either expressing 
antisense mRNA to DNA methyltransf erase 1 (dnmtl) or an attenuator of 
Ras protooncogenic signaling hGAP. Surprisingly however, the known inducer 
of active chromatin structure the histone deacetylase inhibitor 
trichostatin A TSA fails to induce expression of c21. These results suggest 
that the primary cause of c21 gene silencing is independent of 
histone deacetylation. We present a model to explain the possible 
roles of the different components of the epigenome and the DNA methylation 
and demethylation machineries in silencing c21 gene expression. 
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Histone acetylation is modulated through the action of 
histone acetyltransf erase and deacetylase, which play key roles 
in the regulation of eukaryotic gene expression. We have screened the 
expressed sequence tag database with the yeast histone 
deacetylase RPD3 sequence and identified two Arabidopsis homologues, 
AtRPD3A and AtRPD3B . The deduced amino acid sequences of AtRPD3A and 
AtRPD3B show high overall homology {55% identity) to each other. AtRPD3A 
encodes a putative protein of 502 amino acids with 49% identity to the 
yeast RPD3 . AtRPD3B encodes a putative protein of 471 amino acids and 
shares 55% amino acid identity with the yeast RPD3 . Northern analysis 
indicated that AtRPD3A was highly expressed in the leaves, stems, flowers 
and young siliques of Arabidopsis plants, whereas the AtRPD3B transcript 
was not detected in these organs. An AtRPD3A fusion protein repressed 
transcription when directed to a promoter driving a reporter gene, 
indicating a role for AtRPD3A protein in gene repression. Arabidopsis 
plants were transformed with a gene construct comprising a truncated 
AtRPD3A cDNA in the antisense orientation driven by a strong 
constitutive promoter, -394tCUP. Antisense expression of AtRPD3A 
resulted in decreased endogenous AtRPD3A transcript and delayed flowering 
in transgenic Arabidopsis plants, suggesting that the transition from the 
vegetative to reproductive phase of development could be affected by 
histone acetylation. Our study demonstrates the important role of 
histone deacetylases in plant growth and development. 
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Sodium butyrate (NaBu) was shown to induce differentiation and apoptosis 
in the human pancreatic cancer cell line AsPC-1. A suppression subtractive 
hybridization-based technique was used to identify genes induced by NaBu. A 
novel cDNA was found to be highly up-regulated in AsPC-1 cells in response 
to NaBu. The gene expresses a 1.65-kb mRNA encoding a protein with an open 
reading frame of 422 amino acids. It has an intermediate filament signature 
sequence and extensive homology to type I keratins. Sequence comparison 
with known keratins indicated that the gene shares 42-46% amino acid 
identity and 60-65% similarity within the alpha-helical rod domain. The 
gene is named K23 (for human type I Keratin 23, KRT23) . K23 mRNA was highly 
induced by NaBu in different pancreatic cancer cells. Trichostatin A (TSA) , 
a potent and specific inhibitor of histone deacetylase , 



similarly induced K23 mRNA expression. Treatment with either actinomycin D 
or cycloheximide efficiently blocked the induction of K23 mRNA by NaBu/TSA. 
These results indicate that K23 mRNA induction by NaBu or TSA is a 
downstream event of histone hyperacetylation. We also demonstrated 
that expression of p21 (WAFl/CIPl) antisense RNA efficiently blocked 
the induction of K2 3 mRNA induced by NaBu. Our results suggest that K2 3 is 
a novel member of the acidic keratin family that is induced in pancreatic 
cancer cells undergoing differentiation by a mechanism involving 
histone hyperacetylation. p21 (WAFl/CIPl) serves as an important 
mediator during the induction process of K23 by NaBu. Copyright 2 00 0 
Wiley-Liss, Inc. 
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The mouse insulin-like growth factor II receptor (Igf2r) gene encodes two 
reciprocally imprinted RNA transcripts: paternally imprinted Igf2r sense 
and maternally imprinted Igf2r antisense. Although DNA methylation 
has been implicated in the initiation and maintenance of genomic 
imprinting, acetylation of core histones has recently been appreciated as 
another important factor that regulates gene expression. To determine 
whether histone acetylation participates in the regulation of Igf2r 
imprinting, we examined the relative abundance of acetylated histones in 
interspecific mice (M. spretus x C57BL/6). Oligonucleosomes derived from 
liver were immunoprecipitated with acetyl -histone antiserum and were 
analyzed for the allelic distribution of DNA from the region of the sense 
and antisense Igf2r promoters. In nucleosomes associated with the 
Igf2r sense promoter, histone acetylation was demonstrated on the 
maternal allele, which is transcriptionally active. There was much less 
histone acetylation on the suppressed paternal allele. In nucleosomes 
associated with the Igf2r antisense promoter, the active paternal 
allele was heavily acetylated, whereas the suppressed maternal allele was 
underacetylated. Treatment of cultured fibroblasts with the histone 
deacetylase inhibitor Trichostatin A induces partial relaxation of 
genomic imprinting as well as decreased DNA methylation of both Igf2r sense 
and antisense promoters. These results demonstrate that increases in 
histone acetylation can lead to decreased DNA methylation, thereby 
modulating the regulation of the imprinted expression of Igf2r sense and 
antisense transcripts. 
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Post-translational modification of histones, in particular acetylation, 
is an important mechanism in the regulation of eukaryotic gene expression. 
Histone deacetylases are enzymes that remove acetyl groups from the 
core histones and play a key role in the repression of transcription. HD2 
is a maize histone deacetylase , which shows no sequence 
homology to the histone deacetylases identified from other 
eukaryotes . We have identified two putative HD2-like histone 
deacetylase cDNA clones, AtHD2A and AtHD2B, from Arabidopsis thaliana 
by screening the expressed sequence tag database. AtHD2A and AtHD2B encode 
putative proteins of 246 and 305 amino acids, and share 44% and 46% amino 
acid identity to the maize HD2, respectively. Northern blot analysis 
indicated that AtHD2A was highly expressed in flowers and young siliques of 
Arabidopsis plants, whereas AtHD2B was widely expressed in stems, leaves, 
flowers and young siliques. AtHD2A repressed transcription when directed to 
a promoter containing GAL4 -binding sites as a GAL 4 fusion protein. Deletion 
of the extended acidic domain or the domain containing predicted catalytic 
residues of AtHD2A resulted in the loss of gene repression activity, 
revealing the importance of both domains to AtHD2A function. Arabidopsis 
plants were transformed with a gene construct comprising an AtHD2A cDNA in 
the antisense orientation driven by a strong constitutive promoter, 
-394tCUP. Silencing of AtHD2A expression resulted in aborted seed 
development in transgenic Arabidopsis plants, suggesting that the AtHD2A 
gene product was important in the reproductive development of Arabidopsis 
thaliana . 
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Notch proteins are transmembrane receptors that mediate intercell 
communication and direct individual cell fate decisions. The activated 
intracellular form of Notch, NotchIC, translocates to the nucleus, where it 
targets the DNA binding protein CBF1. CBF1 mediates transcriptional 
repression through the recruitment of an SMRT-histone 
deacetylase -containing corepressor complex. We have examined the 
mechanism whereby NotchIC overcomes CBFl-mediated transcriptional 
repression. We identified SKIP (Ski-interacting protein) as a CBF1 binding 
protein in a yeast two-hybrid screen. Both CBF1 and SKIP are highly 
conserved evolutionarily, and the SKIP-CBF1 interaction is also conserved 
in assays using the Caenorhabditis elegans and Drosophila melanogaster SKIP 
homologs. Protein-protein interaction assays demonstrated interaction 
between SKIP and the corepressor SMRT. More surprisingly, SKIP also 
interacted with NotchIC. The SMRT and NotchIC interactions were mutually 
exclusive. In competition binding experiments SMRT displaced NotchIC from 
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CBF1 and from SKIP . Contact with SKIP is required for biological activity 
of NotchlC. A mutation in the fourth ankyrin repeat that abolished Notch 
signal transduction did not affect interaction with CBF1 but abolished 
interaction with SKIP. Further, NotchlC was unable to block muscle cell 
differentiation in myoblasts expressing antisense SKIP. The results 
suggest a model in which NotchlC activates, responsive promoters by 
competing with the SMRT-corepressor complex for contacts on both CBF1 and 
SKIP . 
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Butyrate and its structural analogues have recently entered clinical 
trials as a potential drug for differentiation therapy of advanced prostate 
cancer. To better understand the molecular mechanism(s) involved in 
prostate cancer differentiation, we used mRNA differential display to 
identify the gene(s) induced by butyrate. We found that the 
androgen- independent prostate cancer cell line PC-3 undergoes terminal 
differentiation and apoptosis after treatment with sodium butyrate (NaBu) . 
A novel cDNA designated carboxypeptidase A3 (CPA3) , which was up-regulated 
in NaBu- treated PC-3 cells, was identified and characterized. This gene 
expresses a 2795 -bp mRNA encoding a protein with an open reading frame of 
421 amino acids. CPA3 has 37-63% amino acid identity with zinc CPs from 
different mammalian species. It also shares 27-43% amino acid similarity 
with zinc CPs from several nonmammalian species, including Escherichia 
coli, yeast, Caenorhabditis elegans, and Drosophila. The structural 
similarity between CPA3 and its closest homologues indicates that the 
putative CPA3 protein contains a 16 -residue signal peptide sequence, a 
95 -residue NH2 -terminal activation segment, and a 3 10 -residue CP enzyme 
domain. The consistent induction of CPA3 by NaBu in several prostate cancer 
cell lines led us to investigate the signaling pathway involved in the 
induction of CP A3 mRNA. Trichostatin A, a potent and specific inhibitor of 
histone deacetylase , also induced CPA3 mRNA expression, 
suggesting that CPA3 gene induction is mediated by histone 
hyperacetylation. We demonstrated that CPA3 induction was a downstream 
effect of the treatment with butyrate or trichostatin A, but that the 
induction of p21 (WAFl/CIPl) occurred immediately after these treatments. We 
also demonstrated that the induction of CP A3 mRNA by NaBu was inhibited by 
p21 (WAFl/CIPl) antisense mRNA expression, indicating that p21 
transactivation is required for the induction of CPA3 by NaBu. Our data 
demonstrate that the histone hyperacetylation signaling pathway is 
activated during NaBu-mediated differentiation of PC-3 cells, and the new 
gene, CPA3 , is involved in this pathway. 
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RNF4 . We also demonstrate that RNF4 , AR, and PATZ belong to the same 
complex in vivo also in the presence of androgen, suggesting that 
repression is not mediated by the displacement of RNF4 from AR. Finally, 
we show that the repression of endogenous PATZ expression by 
antisense expression plasmids in LNCaP cells results in a stronger 
androgen response. Our findings demonstrate that PATZ is a novel AR 
coregulator that acts by modulating the effect of a coactivator. This 
could represent a novel and more general mechanism to finely tune the 
androgen response . 
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MEDIUM: print 
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ABSTRACT: In AL a strong association between chemotherapy resistance and 
overexpression of BCL-2 exists. We hypothesized that chemotherapy- induced 
apoptosis is enhanced by BCL-2 downregulation. G3139 is a BCL-2 AS that 
downregulates BCL-2 expression in vitro and in vivo. We report on 10 pts 
enrolled at levels 1-3 of a Phase I study with G3139 + fludarabine, 
ARA-C, and G-CSF (FLAG) therapy for REF/REL AL. G3139 (4mg/kg/day) is 
given on dl-10, whereas both fludarabine (starting @ 15mg/m2) and ARA-C 
(starting @ 1000 mg/m2) are given on d6-10 and escalated in successive 
cohorts. Therapy-related fever, nausea, emesis, hypocalcemia, 
hypophosphatemia, and fluid retention were not dose-limiting. Hematologic 
toxicities were as expected. Steady state G3139 plasma levels exceeding 
the relevant target level (lmug/ml) were achieved after 24h. 
Quantification of BCL-2 levels in AL blasts will be presented. Three pts 
achieved CR and received a 2nd course of therapy, two continue with NED 
at d53 and 111. Two pts had NED but persistent 

neutropenia/ thrombocytopenia at d52 and 55; one of them continues with 
NED at d76. Three of 5 responders had prior HDAC . One patient had 
leukostasis at d6, and was taken off study. The data suggest that G313 9 
is feasible for addition to multicycle cycle induction regimens for AL; 
moreover the encouraging 50% response rate -including pts with REF AL and 
prior HDAC - supports further development of G3139 of G313 9 in 
combination regimens for REL/REF AL. 
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Structurally simple trichostatin A-like straight chain hydroxamates as 
potent histone deacetylase inhibitors. 
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Vaisburg Arkadii; Bernstein Naomy; Moradei Oscar; Leit Silvana; Allan 
Martin; Fournel Marielle; Trachy-Bourget Marie - Claude ; Li Zuomei; 
Besterman Jeffrey M; Delorme Daniel 

Departments of Medicinal Chemistry and Molecular Biology, MethylGene 
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p2877-85, ISSN 0022-2623 Journal Code: 9716531 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 
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A series of new, structurally simple trichostatin A (TSA) -like straight 
chain hydroxamates were prepared and evaluated for their ability to inhibit 
partially purified human histone deacetylase 1 (HDAC-1) . Some 
of these compounds such as 8m, 8n, 12, and 15b exhibited potent HDAC 
inhibitory activity with low nanomolar IC(50) values, comparable to natural 
TSA. These compounds induce hyperacetylation of histories in T24 human 
cancer cells and significantly inhibit proliferation in various human 
cancer cells. They also induce expression of p21 and cause cell cycle 
blocks in human cancer cells. In this paper, we describe the synthesis of 
these new compounds as well as structure-activity relationship results from 
enzyme inhibition and alterations in cellular function. 
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Canada 
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November, 2 001 
MEDIUM: print 
ISSN: 0960-894X 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
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SUMMARY LANGUAGE: English 

ABSTRACT: His tone deacetylase inhibitors (HDACs) have emerged as a 
novel class of antiproliferative agents. Utilizing structure -based 
design, the synthesis of a series of sulfonamide hydroxamic acids is 
described. Further optimization of this series by substitution of the 
terminal aromatic ring yielded HDAC inhibitors with good in vitro 
and in vivo activities. 
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Tissue- and gene-specific patterns of cytosine-DNA methylation are 
characteristic features of vertebrate genomes. The generation and proper 
maintenance of DNA methylation patterns are essential for embryonic 
development, as demonstrated by the lethal phenotypes of mice with either a 
targeted disruption of Dnmtl, the gene responsible for the maintenance of 
DNA methylation, or targeted disruption of Dnmt3a or Dnmt3b, the genes 
involved in generation of newly formed methylation patterns. Recently, a 



novel mRNA, Dnmtlb, resulting from alternative splicing of Dnmtl was 
identified {Hsu, D. W. , Lin, M. J., Lee, T. L., Wen, S. C, Chen, X,, and 
Shen, C. K. , (1999) Proc. Natl. Acad. Sci . U. S. A. 96, 9751-9756). The 
abundance of Dnmtlb mRNA was estimated by semiquantitative reverse 
transcription polymerase chain reaction and was suggested to encode a major 
C-5 DNA methyltransf erase isoform. Here we report characterization of this 
novel DNA methyltransf erase transcript, Dnmtlb, and its protein product in 
human cell lines and in freshly isolated human peripheral blood mononuclear 
cells. The abundance of Dnmtlb transcript, as determined by quantitative 
RNase protection analysis, was determined to range from 6% to 25% of Dnmtl 
in human cells. Second generation antisense inhibitors targeted to 
the 5 1 - and 3' -ends of Dnmtl inhibited the accumulation of both Dnmtl and 
Dnmtlb in cells. Dnmtlb protein purified from a baculovirus expression 
system was demonstrated to be a functional DNA methyltransf erase, and to 
have Michaelis constants for both DNA and S-adenosyl-L-methionine similar 
to baculovirus -expressed Dnmtl. However, antibodies raised against Dnmtlb 
epitopes demonstrated that Dnmtlb protein was present at approximately 2-5% 
of the level of Dnmtl and therefore represents only a minor DNA 
methyltransf erase isoform in human cells. 
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We utilized Yl adrenocortical carcinoma cell line as a model system to 
dissect the events regulating epigenomic gene silencing in tumor cells. We 
show here that the chromatin structure of c21 gene is inactive in Yl cells 
and that it could be reconfigured to an active form by either expressing 
antisense mRNA to DNA methyltransf erase 1 (dnmtl) or an attenuator of 
Ras protooncogenic signaling hGAP. Surprisingly however, the known inducer 
of active chromatin structure the histone deacetylase inhibitor 
trichostatin A TSA fails to induce expression of c21. These results suggest 
that the primary cause of c21 gene silencing is independent of 
histone deacetylation. We present a model to explain the possible 
roles of the different components of the epigenome and the DNA methylation 
and demethylation machineries in silencing c21 gene expression. 
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Histone acetylation is modulated through the action of 
histone acetyl transferase and deacetylase, which play key roles 



in the regulation of eukaryotic gene expression. We have screened the 
expressed sequence tag database with the yeast histone 
deacetylase RPD3 sequence and identified two Arabidopsis homologues, 
AtRPD3A and AtRPD3B. The deduced amino acid sequences of AtRPD3A and 
AtRPD3B show high overall homology (55% identity) to each other. AtRPD3A 
encodes a putative protein of 502 amino acids with 49% identity to the 
yeast RPD3 . AtRPD3B encodes a putative protein of 471 amino acids and 
shares 55% amino acid identity with the yeast RPD3 . Northern analysis 
indicated that AtRPD3A was highly expressed in the leaves, stems, flowers 
and young siliques of Arabidopsis plants, whereas the AtRPD3B transcript 
was not detected in these organs. An AtRPD3A fusion protein repressed 
transcription when directed to a promoter driving a reporter gene, 
indicating a role for AtRPD3A protein in gene repression. Arabidopsis 
plants were transformed with a gene construct comprising a truncated 
AtRPD3A cDNA in the antisense orientation driven by a strong 
constitutive promoter, -394tCUP. Antisense expression of AtRPD3A 
resulted in decreased endogenous AtRPD3A transcript and delayed flowering 
in transgenic Arabidopsis plants, suggesting that the transition from the 
vegetative to reproductive phase of development could be affected by 
histone acetylation. Our study demonstrates the important role of 
histone deacetylases in plant growth and development. 
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The mouse insulin-like growth factor II receptor (Igf2r) gene encodes two 
reciprocally imprinted RNA transcripts: paternally imprinted Igf2r sense 
and maternally imprinted Igf2r antisense. Although DNA methylation 
has been implicated in the initiation and maintenance of genomic 
imprinting, acetylation of core histones has recently been appreciated as 
another important factor that regulates gene expression. To determine 
whether histone acetylation participates in the regulation of Igf2r 
imprinting, we examined the relative abundance of acetylated histones in 
interspecific mice (M. spretus x C57BL/6) . Oligonucleosomes derived from 
liver were immunoprecipitated with acetyl -histone antiserum and were 
analyzed for the allelic distribution of DNA from the region of the sense 
and antisense Igf2r promoters. In nucleosomes associated with the 
Igf2r sense promoter, histone acetylation was demonstrated on the 
maternal allele, which is transcriptionally active. There was much less 
histone acetylation on the suppressed paternal allele. In nucleosomes 
associated with the Igf2r antisense promoter, the active paternal 
allele was heavily acetylated, whereas the suppressed maternal allele was 
underacetylated. Treatment of cultured fibroblasts with the histone 
deacetylase inhibitor Trichostatin A induces partial relaxation of 
genomic imprinting as well as decreased DNA methylation of both Igf2r sense 
and antisense promoters. These results demonstrate that increases in 
histone acetylation can lead to decreased DNA methylation, thereby 
modulating the regulation of the imprinted expression of Igf2r sense and 
antisense transcripts. 
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Post-translational modification of histones, in particular acetylation, 
is an important mechanism in the regulation of eukaryotic gene expression. 
Histone deacetylases are enzymes that remove acetyl groups from the 
core histones and play a key role in the repression of transcription. HD2 
is a maize histone deacetylase , which shows no sequence 
homology to the histone deacetylases identified from other 
eukaryotes. We have identified two putative HD2-like histone 
deacetylase cDNA clones, AtHD2A and AtHD2B , from Arabidopsis thaliana 
by screening the expressed sequence tag database. AtHD2A and AtHD2B encode 
putative proteins of 246 and 305 amino acids, and share 44% and 46% amino 
acid identity to the maize HD2 , respectively. Northern blot analysis 
indicated that AtHD2A was highly expressed in flowers and young siliques of 
Arabidopsis plants, whereas AtHD2B was widely expressed in stems, leaves, 
flowers and young siliques. AtHD2A repressed transcription when directed to 
a promoter containing GAL4 -binding sites as a GAL 4 fusion protein. Deletion 
of the extended acidic domain or the domain containing predicted catalytic 
residues of AtHD2A resulted in the loss of gene repression activity, 
revealing the importance of both domains to AtHD2A function. Arabidopsis 
plants were transformed with a gene construct comprising an AtHD2A cDNA in 
the antisense orientation driven by a strong constitutive promoter, 
-3 94tCUP. Silencing of AtHD2A expression resulted in aborted seed 
development in transgenic Arabidopsis plants, suggesting that the AtHD2A 
gene product was important in the reproductive development of Arabidopsis 
thaliana . 
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Notch proteins are transmembrane receptors that mediate intercell 
communication and direct individual cell fate decisions. The activated 
intracellular form of Notch, NotchIC, translocates to the nucleus, where it 
targets the DNA binding protein CBF1 . CBF1 mediates transcriptional 
repression through the recruitment of an SMRT-histone 



deacetylase -containing corepressor complex. We have examined the 
mechanism whereby NotchIC overcomes CBFl-mediated transcriptional 
repression. We identified SKIP (Ski-interacting protein) as a CBF1 binding 
protein in a yeast two-hybrid screen. Both CBF1 and SKIP are highly 
conserved evolutionarily , and the SKIP-CBF1 interaction is also conserved 
in assays using the Caenorhabditis elegans and Drosophila melanogaster SKIP 
homologs. Protein-protein interaction assays demonstrated interaction 
between SKIP and the corepressor SMRT . More surprisingly, SKIP also 
interacted with NotchIC. The SMRT and NotchIC interactions were mutually 
exclusive. In competition binding experiments SMRT displaced NotchIC from 
CBF1 and from SKIP , Contact with SKIP is required for biological activity 
of NotchIC. A mutation in the fourth ankyrin repeat that abolished Notch 
signal transduction did not affect interaction with CBF1 but abolished 
interaction with SKIP. Further, NotchIC was unable to block muscle cell 
differentiation in myoblasts expressing antisense SKIP. The results 
suggest a model in which NotchIC activates responsive promoters by 
competing with the SMRT-corepressor complex for contacts on both CBF1 and 
SKIP . 
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Butyrate and its structural analogues have recently entered clinical 
trials as a potential drug for differentiation therapy of advanced prostate 
cancer. To better understand the molecular mechanism (s) involved in 
prostate cancer differentiation, we used mRNA differential display to 
identify the gene(s) induced by butyrate. We found that the 
androgen- independent prostate cancer cell line PC- 3 undergoes terminal 
differentiation and apoptosis after treatment with sodium butyrate (NaBu) . 
A novel cDNA designated carboxypeptidase A3 (CPA3) , which was up-regulated 
in NaBu-treated PC-3 cells, was identified and characterized. This gene 
expresses a 2795-bp mRNA encoding a protein with an open reading frame of 
421 amino acids. CPA3 has 37-63% amino acid identity with zinc CPs from 
different mammalian species. It also shares 27-43% amino acid similarity 
with zinc CPs from several nonmammalian species, including Escherichia 
coli, yeast, Caenorhabditis elegans, and Drosophila. The structural 
similarity between CP A3 and its closest homologues indicates that the 
putative CP A3 protein contains a 16-residue signal peptide sequence, a 
95-residue NH2-terminal activation segment, and a 310-residue CP enzyme 
domain. The consistent induction of CPA3 by NaBu in several prostate cancer 
cell lines led us to investigate the signaling pathway involved in the 
induction of CPA3 mRNA. Trichostatin A, a potent and specific inhibitor of 
histone deacetylase , also induced CPA3 mRNA expression, 
suggesting that CP A3 gene induction is mediated by histone 
hyperacetylation. We demonstrated that CPA3 induction was a downstream 
effect of the treatment with butyrate or trichostatin A, but that the 
induction of p21 (WAF1/CIP1) occurred immediately after these treatments. We 
also demonstrated that the induction of CP A3 mRNA by NaBu was inhibited by 
p21 (WAF1/CIP1) antisense mRNA expression, indicating that p21 



transactivation is required for the induction of CP A3 by NaBu. Our data 
demonstrate that the histone hyperacetylation signaling pathway is 
activated during NaBu-mediated differentiation of PC-3 cells, and the new 
gene, CPA3 , is involved in this pathway. 
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Histone deacetylase inhibitor -induced expression of p21WAFl 
is p53 independent. In the present study, we provide evidence that 
trichostatin A (TSA) , a specific inhibitor of histone 
deacetylase, can elevate H3 and H4 acetylation and p2lWAFl expression 
in NIH3T3 cells at first. To identify the transcription factor which is 
responsible for histone deacetylase inhibitor- induced 
expression of p21WAFl and understand the potential events occurred during 
this process, we analyze the response of the mouse p21WAFl promoter to TSA 
in detail. The region responsive to TSA treatment in the p21 promoter is 
located -100 bp upstream from transcription initiation site and contains a 
GC-box. The mutation introduced into this GC-box decreases most of the 
basal and TSA- induced promoter activity. The results from gel -shift assay 
show that Spl and Sp3 bind to this GC-rich region. Cotransf ection with Spl 
and/or Sp3 expression constructs elevate both basal and induced promoter 
activity, and this elevation is dependent on the present of the GC-box. By 
contrast, cotransf ection with reverse oriented Spl or Sp3 cDNA decreased 
basal and induced-promoter activity, as well as GC-box dependency. These 
findings provide physical and functional evidence which strongly indicated 
that both Spl and Sp3 are responsible for TSA-induced transactivation of 
the murine p21WAFl promoter in NIH3T3 cells. 
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ABSTRACT: In AL a strong association between chemotherapy resistance and 
overexpression of BCL-2 exists. We hypothesized that chemotherapy -induced 
apoptosis is enhanced by BCL-2 downregulation . G3139 is a BCL-2 AS that 
downregulates BCL-2 expression in vitro and in vivo. We report on 10 pts 
enrolled at levels 1-3 of a Phase I study with G3139 + fludarabine, 
ARA-C, and G-CSF (FLAG) therapy for REF/REL AL. G3139 (4mg/kg/day) is 
given on dl-10, whereas both fludarabine (starting @ 15mg/m2) and ARA-C 
(starting @ 10 00 mg/m2) are given on d6-10 and escalated in successive 
cohorts. Therapy- related fever, nausea, emesis, hypocalcemia, 
hypophosphatemia, and fluid retention were not dose- limiting . Hematologic 
toxicities were as expected. Steady state G3139 plasma levels exceeding 
the relevant target level (imug/ml) were achieved after 24h. 
Quantification of BCL-2 levels in AL blasts will be presented. Three pts 
achieved CR and received a 2nd course of therapy, two continue with NED 
at d53 and 111. Two pts had NED but persistent 

neutropenia/thrombocytopenia at d52 and 55; one of them continues with 
NED at d76. Three of 5 responders had prior HDAC. One patient had 
leukostasis at d6, and was taken off study. The data suggest that G313 9 
is feasible for addition to multicycle cycle induction regimens for AL; 
moreover the encouraging 5 0% response rate-including pts with REF AL and 
prior HDAC - supports further development of G313 9 of G313 9 in 
combination regimens for REL/REF AL . 
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The human metastasis -associated gene (MTA1) , a member of the nucleosome 
remodeling complex with histone deacetylase activity, is 
frequently overexpressed in biologically aggressive epithelial neoplasms. 
Here, we extend this observation to squamous carcinoma cells, which express 
high levels of MTA1 relative to normal or immortalized keratinocytes. To 
address functional aspects of MTA1 expression, we established variants of 
human immortalized keratinocytes (HaCaT cells) by expressing MTA1 cDNA in 
both the sense and antisense orientations. We demonstrate that (1) 
forced MTA1 expression enhances migration and invasion of immortalized 
keratinocytes; (2) MTA1 expression is necessary but not sufficient for cell 
survival in the anchorage independent state; (3) MTA1 contributes to 
expression of the anti-apoptotic Bcl-2 family member Bcl-x(L); (4) MTA1 
expression in immortalized keratinocytes depends, in part, on activation of 
the epidermal growth factor receptor (EGFR) . These results establish that, 
in keratinocytes, MTA1 expression contributes to several aspects of the 
metastatic phenotype including survival in the anchorage independent state, 
migration, and invasion. 
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